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Abstract 



PURPOSE: To obtain a flow rate sensor in which the flow rate can be measured with no DC 
drift while compensating for the temperature. 

CONSTITUTION: A temperature measuring resistor 12 and a heating element 11 are formed of 
a thin platinum film on a thin diamond film 13. The temperature measuring resistor 12 detects 
the transient response characteristics of the thin diamond film 13 to the pulsation heating of the 
heating element 1 1 . The transient response characteristics thus detected are evaluated at a 
CPU 107. On the other hand, temperature of the fluid is detected by means of a temperature 
detection resistor 111. Finally, a temperature compensated flow rate is calculated using the 
transient response characteristics and the temperature of the fluid. This constitution can 
determine a flow rate which is not dependent on the temperature of the fluid. 



Data supplied from the esp@cenet database - 12 



THIS PAGE BLANK (USPTO) 



mB^mmff (jp) 02) iS^ gfl ft 1^ ^ S (a) nmmmmm^ 

J^SI¥8- 62010 



iiSy^mS ¥fiK8^(1996)3^8B 







IT T 

r i 




VT u I r 1/00 








r* n 1 TT 7 /fin 


Q Z J. U 






(a U 1 r X>f id 














»*:®a)»47 F D (i^ 31 H) 




WW-^rO— Z19414 


/*7 1 \ 111 BSR 1 

(71) ffllPA 


000153878 
















WjR/lliftJS*TSg:&398#ft 






















































(72)5!M# 


^* i» 



















(54) mmm 



(57) [gi^] 

^ > K«M 1 3 (Dm&m^<^^^mum.ifiW 1 2 T^tb 
t^, muis.tni^-Q^m-^nrzMm!t^^f^mt. cpu 



1 0 0 




(2) 



#W¥8 - 6 2 0 1 0 



irfa«Eft:©ffig t Hi * t# 5 ^ IS <h , 

m^m2] mmzmt^<mm^nrzmmmt, 
mnmmA\z/vi7.^(Dmm^'f7'D^mt. 
m^m\z^^i:m\zm^mmmm<Dj^^'^w\tmm 

m^mmzii^Lxmm-^tircm^t&^i^t. 

[i«*«3] mmzm-r-«mm^nrcmmmt, 
uumm\zA)\^7.t^<Dtm^'i7v^^t. 
Wi^^\z^^tmizit3mtimm^n(Dit^'&«^\i^m\ 

mmm<Dumznir^im^mmm^^'r^^tm^ 

mnmm-^\zj'^)V7.^<Dim.^^€ v^^t, 
m^mz^^mm\z'^^mBmmm^<Dm^^\SLmm 

mmm<DiAm\zMi&Lrcm.mmmmm^^-r^ z.t^ 

[ii*«5] mmzm-r^<mm^nrzmmm^t. 
mnm^m\zA}i::^i^(Dtm^nv^^t. 

W;^^^ v)fs.^z.t *!|#mi-r ^Mlggo 



r= (Cs Ps /Ks 7t2 ) 

3 0 0Kt*5l^5^^5i^*Ks. It^^Cs- ^^-^ 
r= (Cs Ps L2 /Ks 7r2 ) 

c^5R«i2] m.mz^-t'^wM'^nfzmmm^t.. 

WMWim\z)\)\'7s^(n>im.-^\'io^Wih. 

mtEffi^ © iaS (3>tif JS L ta :^ ^ # S i: , 
WA-^-%m'^hmW^>^<riW&\z%Z^\.tz'\&tit.t(^hm 
IBKft 13 M-r S <t ffi # S ¥ S <«: . 

<£^-r :i <!: S;#^sa:-r ■SttaHSfi. 

\m>^<riim\zWt^h<i^-r:h^Z.t^f^^h-t^^m 
SB. 

7] 11*311 2 ttSl^T. 



3 0 0KI:*5lt5ilfteii¥SKs , itm.^Ci. ^gSr 
r= (Cs Ps L^ /Ks rt2 ) 

T= (Cs Ps /Ks 7t2 ) 

[il*:^2 1] If^Jgl 2(I*3I.^T. A°;t'X«COSD^^ 
ff •5¥IS«, ia«g!<bl'»LTJttaffi<Dig{kAt 1 0 p p 

[||*3S2 2] 1 2 (343ViT, 

mmmm \z/vvx'i)i<Di]amin o^wtt. 
m^Wi\z^^mm\z'^omtmmm(D]t-'^^\t^^m 

mmm.<Di&&^it\z^pii:r\z-^<Dmm^m^-r^ 
[w«3S2 4] ^mzmt-«mm-^nrzmm^mt. 
m.^mzx^iim\z'^^mtmmitmm>.^i^^mm 

/^rzmmmm<Dummt\znm^itxmt-^'ti:^^ 



(3) ^ #15^8 -6 2 0 1 0 

mmBst^^^\tf)^imtimi^<Dmm^rz\mm^M-tii 

m^m 2 6 ] mmzmt^K mm^nrzwrn^^ t , 
mmm^m\z/v\^7.^(Diximino^Wit. 
^^mzx^mmz'i}tom$Emmm(om^^^mm 

mB}t^'^^m^imti^i^(Dmmtrz\mm^nait^ 

B!Vi^m^rz\mm^»iii-t^^mt. mi^is^zf/^ 
rz\tifmmm(Dum\zM-r^WL&mmmm^mti> z t 

im^m2 7] i»d<«2 3nmm^m2 6\zi5i^r. 

/v\^:^.^<Dmmm\z^^mmm-i(DumzMit^-r^/^y 

/v]^7.'i^(DisamsJLWz^mmmm<Dum\zMit^-r^/'^ 

[||*3S2 8] m^m2 3 71iMfS*3S2 6(C*JI,iT, 

3 0 0 K\z^i-f^m&mm^Ks . tti^^rCs . 

Ps> ■5-<^^ffi*L= ImmifttLT, 
r = (Cs Ps /Ks 7t2 ) 

mmmm, 

(iS5icS2 9] m^^mz 3nmm^m2 6\ziii^T. 

3 0 0Kt:felt5Meji*^Ks . ttia^Cs. 
Ps> ■€-<^-t^SrL= ImmftttT. 
r= (Cs Ps /Ks 7t2 ) 

[M^JS3 0] W5tt«2 3 75Slfjlc3»2 6lCt3liT, ^ 

f4 ^^-r t > F i*M T -5 :i t & it^ii! t -r -5 

[w*«3 1} mmm2 3nmm^m2 entsv^T. /n* 

CW*3S3 2] iS*«2 3 7!;MM*]B2 6IC*5liT. 



(4) 



I 

!|tW¥8 - 6 2 0 1 0 



H 1*1 * fc« W-S ro^ffl 1^ t S ct ■S C-r ^ * © <t . 

H 1*1 * tt«lilS-^<^iieH 1*1 <!: ^ f' * * 
Ma3 8] i«^«3 4lc43V^T. 

!^wm^-^^rc\mm-^tti^^o\zt^mm^ 

;v\^7.^(Di}mw\\z^mmm^m<DU&\znit^irhJ^y 
/\)V7.^<DiimsjM\z'^WiMmm(n't^^\znit-t^n 



T= (Cs Ps /Ks ) 
[ii««4 1] il3R«3 4lCi3l/^T, 

Ps> -^cD^S^L=lmm^tLT. 
T= (Cs Ps /Ks 7C2 ) 

[W*«4 2] il*«3 4Hi3liT, 

MJS4 3] W#3S3 4t-^3tiT, 

^s-^ * ««I»S-^ ^ ^ «-S<^*5H 1*1 * 

\mm~^(Dmm\^ttj.h^v\z-t^^^^t. 

nmitm\zMtxj'^)V7.^<Dimino^m^^^^^^ 

mMzm-r^mm^mt-^'n^^'^y^-'^'^^i''^^ 

X. t(if3{S^4#tt^-^*^cf*«PlS-^*fc«-^'^*5 

ffl[^gifc««i8S-^®iiiB[*iJS'b<^ti"^^^**'^^ 
[ffi««4 5] mmzi^-r^<mm-^ntzmmmt. 

[it*«4 6] if*JS4 5(C*3V^T« 

mmmmm»mx'&'o, 
mz]^f$.^nrz-mnm^^-t^^mwmx$>^z.t^ 

mmmity^^^^y'^^^'^^^^^'^^'^^'^^^ 

[0 0 0 1 ] 

iti^i^nm^umm^^t^izwrnt^ti^mm^zmt 

So t?iJ^ii> &.T\z^^tm<^'Pf'i-< th-':^<D^t^ 

(1) )tft:(^8itft*fc«fiitjiWlti!l. 

(2) m»(Dminmm'^\tm(Dtmi 

(3) ?/itft:roiigil. 



(5) 



#M¥8 -6 2 0 1 0 



(4) m^(Dm»(Dm^itmmo 

(5) mi^'p\z^^n^^n<Dmmcr)ifm m^imm<D 
mi) . 

[0 0 0 2] 

^-B.7.^mmmmzmLx\^^^t. 
t^ibmi^n^mMii. mm (^rz\mm) \z^^t^rc 

[0 0 0 3] ^^OMnw^tA^tcafe^-^ro 

»mt.rc\t»m(Dmmizn-r^^\'^t vx^m-^n^, 
-mzmn?>mi^<Di^m<Dmmiznt^m^^i^^mm 
(^fzit^mmm) ti^^^K mn^mi^(Dmm<Dmwz 

[0 0 0 4] «w^git*«> m.i^(DWimmtmmt(Dmx' 

i)mnx\^^^t-r^ti^\-£. v tc r ^ fiii^mm.m\zfi 
-So ^ijt-ox. mi^(DWimmt^6^*^-:>x^^^(Dts.iii>-£. m 
mtmm\mmiz^i!b^:iti}ix^^. 
[0 0 0 5] ^rcnmmm\t. i^mm.mtmn^mi^(D 

^mmp(Dmw-AmmvX'mrix\^^^t-r^n.^i,f. p 
V7t r2 i>mmmm\zt£.:t, 

[0 0 0 6] -/ISJC1J— 5 :k^fi^<D^^%W. 

t\t. ^.\zWiWit&iKW (Thermally Sensitive Resist 
or) (DZ.tXdb^. mzUS.%^(DlE^^1im\Z^^X 

S e ^11 <D^)SS:-tJ— 5 X 3^ t I!f b T J; li, 

[0 0 0 7] -y— sz^roi'Sfc, um\zi:-oxmii)^ 
mtthmA^m^^tcM'^-^mi^x.x. syajata^i^^s 

fz. ^mz^r3xmii)^mt-t^mwz.t^^-i7. 

\t. WL^\zii-Dxmitimit-ti>mA(r)z.t^mu.mi 

[0 0 0 8] mmmmmiW^m^'^tzm.ms^mmm. 

Itl^SMai^taitS/cmherinalMass-Flow Meters 
of the Boundary-Type i^JTcFfl, Senser A Comprehens 
ive Survey Volume 4 (W.Gopel. J.Hesse. J.N.Zemel 
m> VCH(Verlagsgesellschaft mbH) a^fT(1990)) 
(7)^328 M 9.2.3K;(T(C-?-©i¥aB7!)^*l2m$nTli-5. 

[0 0 0 9] u^xm\zh%m^nx^^^mmmw-^ 
mmLtzimmtmmmmm(^mm^m i o \z^.t. 



0 1 0 Jl^-TfilfiStt. jiliaiaJn^i: 301i302. 
t«gjri3 0 3 i 3 0 4T«fiK$nfeyU y v^^UT 

[0 0 10] 01 0 f:5^-r«fiK»ri3ViT«, 2 0(DM 

Jg^<i}^3 0 1 1 3 0 2 troiaafeS-Si'^ofefctr. 

2-D(DmumiW<omimiimmzm^^ntzh(D^m 

3 0 1 ©fiJifflcD 1 O^SgS^tLfcfeCD^fflliS. 

[0 0 1 1] nn<Dmmz^fz-DX\t. n-iTT.mm.^ 
m.t^t\zi:^xmumiiW-zo \iiZQ2^is^m\^. 
"^tzjyzfz 0 ^i)^ib(Dz>^-Ynyip^Wtn^:it\z 

J; ?) , filjmSxfr 3 0 1 i 3 0 2 iWiaSHA^-^/^t*) 
(DttS.^ ii^\Zt^o SP^. 7>y3 0 S^fflt^itii^ 

7 ^' - K/N* y ^ ^m-y^ Ct\z^K>. m^miW S o 
1, 3 0 2. S^lC«Jt^^*:3 0 3. 3 0 4Tfll^$tl 

[0 0 12] SiMiStri«:3 0 1 (ffitafflR, ) t 3 0 2 

a. gitfls©SS^{bi:*ttT (R, /Rj ) (Dfittt^^b 

[0 0 13] fifths 0 7©gitl;A^^{t;Lfe«^fc 

^(DS^T'« (R, /Rj ) ©ffl«tt*{Ct»£t3T^ 

^b-rs. ^z.x. z-om\umiiW<r>m.&m'^~^tfs. 
^i^o\zm^fiy ^-]rny^^Wtn^^tx. m i o 

[0 0 14] dO^, 7>7'3 0 5i£ffll/iTa-lte.n-5 

•y^-vnv^(Dm.\i.. mm\z^^Ltz%(n)tts.^, * 

oT. TVT'S 0 5<Z)tH:^$:^tb-rs;itT> Sit#:3 0 

[0 0 15] 01 Q\Z7n-tiii0tim^\Zii\^^X\t. thai) 

?>fcJ6(c, 2o<7)iS'JMj£Sftti75^;SO<DiS!©{cJrall!i$n 
-5. 2 0(DaiMaM^*:©S«ll«^l ot:~ 

1 0 QX,n&tu^^o\zm.'&-^n^, 

[0 0 16] ±iB0i o\z^tiiotmm'\iy-^-\-i, 
^mit-t^n\zii\^^x^AT\z7n-ri.otmmifih^. 

> V ^# -5 J?) »c , aijisejjxii*: ^ iS I, *Dfi-r -5 
m\^miiw^m\>^w.mzis\mt^m'&t 

<;^£ o T L * d . mz^WU D C A' 7 >7, * i 



(6) 



4$M¥8-6 2 0 1 0 



cDigjit t (I H U 7 h LT L S 5 t VI ■juaw^.tPpiii 
[0017] iM<n>% 1 *5 cku:^ 2 cdFb^^,iS«. Sffiffi 

$t{*:oS!t/h^t^*(^^iij t*ff ?)f£;^tt*i«ti ;i t (lie 

tt-a!l!ig*5 <}: U^^^'f :^ 5 >y i7 U > i; 5r5I^S-r 5 

-5, • 2o-?-©SiJSJSjnMfl(^iaSM*T#Sfctt;^:# 

[0 0 18] ±l5mi*3J:t^^2<DPpm^«. MlStri 

[0 0 19] ±te^3©Fm^{±, M±^<r)m^m.-n 

[0 0 2 0] ±IBII 4 ©Pp1S,^(i, 0 1 0 fC^-Ti 5 
T'&S. Z.<DWk\t.. El 1 0 lc^fJ;'5/j::/U >y vlHlSS 

[0 0 2 1] :i©ilfiit K u 7 h oPp^S^/8ft-ri>:^te<!: 

[0 0 2 2] 

(1) it^KU7h*t4i<, sAc:?as©iK#&§it-r(c, 

(2) itSSKU7h75^«$<. */t?aog(D^^*^W-ri3rt 

(3) it»itKU7H7!)^«i<. SfcfaSOf^S^Slt-ffl^l 



(4) ilgitHU7 hA«<. fiS<^i^S*Stff 
li'^*n5!^KOi8S©fhSi| (0iJ;^«aS<Dthai)) <£fT 
s». 

[0 0 2 3] 

[0 0 2 4] 2|s:BJffl»Tffi*-r5««?^^fllfife-r5 
[0 0 2 5] *Bjiiffl»-irMS^-rsi5^c«fiKW-:P«, 

[0 0 2 6] iiffi«fiKI'*31/iT, }ill«:^4tLTtt, 3^ 

'r-\'t>K»M. m\LT)\'^mm. tL-n^rn'Or-^mm 

[0 0 2 7] *?^ija«Tl*-r-2)56BJt:*3lt'5fiit«^i:L 
T«. m^*^, S«j(it# (t^^t^n^cgit^J^. ^fz. 

[0 0 2 8] /tjl/X^^roUDia (56^) ?&tT'5^S<!:bT 

[0 0 2 9] ^rz±mn)V7.^<Dmmin^^^tL 

-mmm^^t^^mmmx'im^mi^imf^-t^(D 

[0 0 3 0] /vi7.^(D)]amzvtommm^<Dm'^^^ 
mm-th^mt bx\t. mm^mizmLfzmis^i&ini^ 



(7) 



- 6 2 0 1 0 



[0 0 3 1] ±mmiM,m.mwtLx\t. -mnm^^-r 

[0 0 3 2] EI5IC|||SII^'fi'^>K»!ltcWUT/'? 

ti, y-(^=^>mm\zmvxiim^nrca^mm<Di& 

[0 0 3 3] 0 5II^$tlTli-5Ott, /''?;i/7.ttOlJD-^ 

^-r s -V' t > H ^n© ii ai^&^^tt-cafe t mm 

mm^\zmLxmn^^i^<Dmm\zm^Lx\^^^. '^-^ 
T, z.(Dmmj^>^^mi^^'^mmznm-t^'^h\z^^ 

[0 0 3 4] i^t*3. 0 5 t:fcliTti2-0©)S^giJg*^S 
[0 0 3 5] C:©2O©iS^S[}^0iil/i«. i^TW-tP 

'tyvmmtimm-^n\z<<. ^tz-^m-^nw,^^. w 
\z. mmf)^nuLu^^^'^\t. ^-(^^^^y^^nrnt^ibm. 
mz^Mi)^hi^y)%t)nt£.\^^<Dx. n)V7.'^<Diim.\zn 
Lx. ^^'?^yYmmmmin^<^ ^tz-t^mn 

[0 0 3 6] z.(Dn)V7.i^(Diiwmzn-t^nmm<Dm 

)vx^(Dii\^mm\z'^WinmmfAm^&\zn^^-t^n'7^ 
-^^mnr^m^t.. (2) y^°J^7>«<DSp^uA^^^:^ 

(3) mt^2-D(Dm.w-m(jy^^%^-thm^t. 

fT^^n^S C: i IC i o T^fT ^ n-5 . 
[0 0 3 7] C:rot!){^(Dft#:W?i0i|S:BI4$:ffll^TI5iBJ 



^mtx&^, zoiht) f tLx\t, mm^m\zmvx 
lEs $ nrzmuts.m.i^(oi&^m<Dm[: iztat^-r -a /i ^ / 

-^T'^-S, ;i(DfthX, affifita^*© 

xmniL. ^<h\zi /v^mmir:it\ziir)mmmt 

[0 0 3 8] ^r/vi7.i!^(Dmmmt>n^&.mx$>^ 
to *^e> to + A to £DrB^t*3tiT, atii^mwt 

xf(%^n^m\t. ia4©mai54 i^satc^f 
^s-rs. iii±75i±fe (1) ©idf^fiM^s-r^. 

[0 0 3 9] 

[^1] 

to +Ato 

S, = / f (t) d t SSe*! 

v/ to 

[0 0 4 0] 'jK.\Zt\ 75^5, t , + A 1 1 ro^rBiroFHllcfr 

n-5J:'5ll?^3$n-5) tj tj +A t2 (D^fSi 
(c*5t,iTffl^-rSo TIE CSct^2] 

n-5„ ]i^±75^±tB (2) ©fif^tc^f^s-r^. 

[0 0 4 1] 
[S:2] 

t 2 + A t J 

S, = / f (t) d t iS5?;2 

s/ ts 

[oo4 2]"*tr [Sfcicn <Dm.w-(Dm^t m^2) 

^^ecT^!±J■r-5. c:© [is:^3] ©iig©«s««. 04 
(D^uw>A4:(om\znm-t^, tA±75i±ta (3) ©» 

[0 0 4 3] 
[^3] 

S = S» - (At, /At, ) So ISCSS 
[0 0 4 4] ±IH (1) ~ (3) (DWi^^no^tX. 

/vv7.^o:>tm\znt^nmm(Dj^-^i^^^'3Em\zw 

m-t^z.t-h^xt^, IP^. (1) (DWi^^'noZ-t 
X. n)V7.^mmtimt>nh%\z. %\zn)V7.^(Dm 

t^-^'^nti^^^hoft^ztifixt^. dwii^js^itt 
\z%m-t^. 

[0 0 4 5] z.eimmm<^'&(Dwmm^ ( c^^s] 



[0 0 4 6] mtim^(Dmm\zm^Lrztiiti^%^^ 

[0 0 4 7] i:K±simbtcmi&<Dmmim^miisi.zs 
m 2 iz^s-to m 1 Rv^m 2 tristix, 1 3 f)mi^ 202 

5Tiii|i$n. A/D:]>A*-^ 1 0 GTxv^'JHS^ 

fc^gi^n. c pu 1 0 7 f::fcviT^s$n-5. 

[0 0 4 8] C:n?)7>7'l0 5, A/D3>A-:5'1 
0 6. CPU10 7tt, ^■1'-\'^>H^lil 3(Df£;S!}^ 

CPU 1 0 7 t*5liT, CSc^l] ~ [^SC3] 

^giLT. 7>7'10 5< A/Dn>A*-^ 1 0 6, 

CPU 1 0 7xu^mi$.^mifrci)^. miz^mi^^'Eu 

[0 0 4 9] ;^t;fc 1 1 1 \tmmzi^btzSimi&tfii^X'$> 

0. «st^^2 0 2<7)?as(c*f;£;Lfcai:>3^t#s#a^ffifiK 
3] (Df^^t^m^^x. c pu 1 0 7 (ci5iiTRif^ros^ 

[0 0 5 0] m<D^m(Dmmi. mw\zti-t^<i^m^ 
nrcmmmt. mmmmmz/v\^x^(Dmm^no^ 
mt. m^m\z^^mmzytomtmmm-i<Dji:^^^it 

mt. mw^^zfytrc\tmmm<D^mizi^t^um 

[0 0 5 1] ±iBtifiEict3iiT. umi^mmmt^^o(D 
«. smttmm^nvm-^iz. ?sso^s^»-r 

ti. ^rzitu&<Dmm^^^'^rzmmm^m\tti.t(D\zm 
lEt^mm. tLx^mt^z-ttn-^^. 

[0 0 5 2] :i<Dummmmm<Dmm\zo\,^xmm-t 
^rz. ^tim^^^^mmt^^mxnt^n^mm 
:f5tk {m^ijiti^rz\m^ii^m) \z-D\.^x^m^t^. 

[0 0 5 3] m(DmmmfS.\t. mw\zm-t^<mm-^ 
ntzwrniimt. wmmiim\z;vv7.^<Dtx\m^no^ 



(8) ^g|¥8 - 6 2 0 1 0 

Wit. m^^\zi:^iim.\z'^^mtmmMmo^^^m^ 
^ftrnt^^Wit. m^^x^m^ntzn&'^^'k^m^ 

fi. m.wii^is/'^rz\mmm^(oiB,m\z-^^Ltz^m 

[0 0 5 4] ±fBi^^fI*3l.iT, AJUXttOiP^^rfT-S 

^WLtimw^^n/i^tz yimmmWim \zm- Ltz^ 

[0 0 5 5] z(D^oMB.Wi^mm(iymtLx\t. n 
)V7.^(Diim i^m) ^no^^tLxu>p.^>^> 
^(Dum\z^^m.ifi(omt(Dmij'\^-^^^m'^:m^^m 

?:mif^:it-il^X^^o Z(D^oUUmiZ^i>&^(D^ 

ittmti'i^^^^^mthxit, ^(Di&tnm<D^i\:*^mm 

[0 0 5 6] z.(DJ:-oizWLm\zMir^i&W.m<D^i\:Am 

ti{>ti.\^^m^^/v\^7,'\^<Dim^ffo^mtLxm^^rz 

Ajami-r\z~'&(Dmmxmm^noz.ttixt^. 
LT. mi^<DMmmit(Dmm^:k^<&mLxmmm\ 

[0 0 5 7] *7tg:t*c7DMS?fc^6-r. -^(Dmmxm 
mmwum-r^:^mtLx\t. u-if-^^^mmm 
m\zm^-r^:^mimif^:itii^x'^^, 

[0 0 5 8] *Ac±fB;i;i'Xl^(7)jDlSiSfT5#ii75iW-r 

^ii^/^tz\tmmmm<D^mz'ijt^x^{t^ii:^mm 
m^-f^z.ti)^x'^^. mx\t. m.W(Dum.^^^-r^m 
umiWi)-^^(D\^ti^m^^t^f^ym&^m\^x?^mw 

m\ztm^'itxmt^^^mfS.'^. mi^o^umi^mt 
^mmmm^ib<Daitnzm-:s^^x. cpviz^^^xm 
m^mmz^t^r^mi£^^^L. :i(Dmifi^mm^^ 
(D^^M^mwcoum\z'^-:^x^i\:^ii:^mm^mif^ 

Ctti^X^^. 

[0 0 5 9] m^it. 01 ilc^l-ffifigcDi^f::, mi^ 

\zmbrzmmm»i 1 KDinij^^mLx^mi^i 1 
^$ij|fp-r-5SEE*c pu 1 0 7 iiisi^xai^-r -sffifiK^ 

[0 0 6 0] ±Kt?|fi£(i. m)aiK)56Sfi*J:w^^ft*;tti 
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[0 0 6 1} m<D^m(Dmmt. mmzi^T^<mm-^ 

^m\-t^^mt. wiEmii^<D^m\znj&vftiiiti^% 
^^mt. mtimi^^^tmmi^<Dum\z^ft^Lrcm 
.ht:^^i^mm^mzm-r^mm^n^^^t. ^^r-rs 

[0 0 6 2] ±tB«fi)c(c*3t^T< ^mmm^^^tmm 
WiW(Di^m\zMJi:^hrziiiti ta^ibmtmmzm-r^mm 
^n^^mi tii^3<D\t. m.^(DWLmiztmLrcmti^ 
pm-t^:ztx. ^^mmmmji-^nft^x-mmzmt^ 
mm^nmm^mt^o ^mzm-r^^mtLx\t, 
m»<^mm^mm\zm-r^h<D. mi^<Dmm\zmt^h 
<D. 2mm(Dmmm^Lrcm^<Dm-^itiz^-t^h 

mi-f^:iti}^X'^^. 

[0 0 6 3] i&(D^m(Dmm-i. ^mzm-r-«Mm-^ 
ntzmmmt. mmm^n\zA)\^x^(Dmm^nv^ 
mt. m^^\z^^tmjz'i£ommmm^m<D!t^^^^ 

'&-r\z-'^<D^M^m-r^mm^^'r^ ;i t ^>^WLt 

[0 0 6 4] i&<D%m(Dmmt. mmzm-t^<mm-^ 
ntzmm^mt. mmm^miz/v\^;^.ik<Dmmin^^ 
^t. m^miz^^mmiz'^vmtmmumoiii^^^^i. 

^-:5'^ikw^^u/^rz\mmmm<Dum^i\:\zitim 

[0 0 6 5] ±iB#ifiEt:}3</iT. ^mwo^mm^Mm 
ir^/'^y ^-^'^m»is^zs/^rz\tmmm<^m&m 

otimf^^mii^^it^^xt^, msizijk-tmmzid^.^ 

ffi^ [wi i; < e^SMJ; D tji^9mm.irii^ s o 4 (D&m$. 

5) \z^-oxmm-r^mf$.tfi-ox\^^^. 
[0 0 6 6] mi^imi^s 0 4ii^^mzmLxw.m-^n 
rzy^^=E>\^mm8 0 5<Dmmz^i$.^nxiiD. m 
w<Dumztmvx^(Dimm^mt-r^. ^lx^(d 
ffiia^fb \t. :/ u V 2 7 > A' 7 > 7. 4 1; $ s . 



tz.ttth) tt7>7'8 1 2-e«ffitgili$n. y^"? 
^> HSU 8 0 ^(D^mzM^^ntz^mw-s 1 1 
m-t^. c<Di^. %mws 1 wzmt-^n^nmt, m 

0 4*^:^l±J-r5lSt*C)iaSS:Sl!!fcbfcfeOi: 

fi^, ip-fe. ^i^#:8 1 mw(D^mzni^-^htz 

[0 0 6 7] *fc08(I*TffiBX(C:*3l/iTtt. CPU 8 

1 SCi^T, ^l^^^8 1 i*^e,©/'?;i'7.l^©Jn^,(c*f 

\zn^i:-\.fzmim.^^^mrmumnm 1 9*^^,©tii 

[0 0 6 8] Sfc. f8l^f^(^56^»?£$im-r*A7^- 

T^{t$13-^^S<i:LT«, 01 1 Rt^lil 1 2 tC^-TW 
eKS:^lf-5C:<J:*tT#5. I§I 1 1 Rt^ia 1 2 fC^-T^fiK 

(c*5iiT«, waatrii*: 1 1 0 2 

rofaSt, 1 0 2fCf2it$nTti-5lfffia:lr 

[0 0 6 9] m<n%m(Dmm-i. m.w\zm-t^<uw^ 
ntzM^mmt. mwmm\z;vv7.ii!^(Dmm^'no^ 
at. m.^^\ziihiMmz'^omtmmm<D]^-^^'i&. 
^m\-t^^Wit. mw-^^n/i^tz\mmm.m<r)^^ 
\znt^\m^m^n\<^m^)t"!^^m^ibmtmw<r>m 
m^tz\mm^%mir^^WLt. ^mt^z.t^i^nt 

[0 0 7 0] ±Mmmz&-i^ mw-^^u/^rz\m 
mmm.(r>umznt^um.mm^n^m%^j^-^^m^^ 
mtim,{^(Dm.m^fz\mm^w^t^^m t\^x\t. 
mwz^-tmfS.^mM^z.tia^x'^^, mi'SLrsm2\z 
^.■tmmz^\.^x\t. ^-(\^y\^nmizoifvv7.^ 

•r;^ffi(Cj;oTCPUl 0 7T-fTbni)) t. m.^2Q 

2\zmvx^m.^ntzmumi^i i \ (Dmim\:t\z 

So'l^iT, CPUl 0 7(C*3liT. m.W2 0 2(DWl&^ 

^mLrzmxmw2 Q2(Dmmtimm-^n^, 

[0 0 7 1] TiisSJlfiffitn:* 1 1 1 <Di^t> 0 \z^rz\t^ 

ffifixff ^sa«-r^ :i tx\ wrm\m^(D^mzti-t^mm 

[0 0 7 2] m(D^m(Dmmt, m.mzm-t^<um^ 
titzmmmAt. mnmm\z/vv7.iikmm^no^ 
mt. m^miz^^mmizmmtmm^mm>.m\± 



(0 0 7 3] ±mmmzisn^ mm^rzimm^nia 
m 1 Rum 2 \zm-rmi^^mif^ z. tt^x-^^, 

[0 0 7 4] |211RUC0 2l35^-r«fiittt3OiTtt. CP 
U10 7»3*5liT. mw2 0 2(DUmzMJt^Lrzi&m^ 

it^nomum.tni^i i KDt&mmtt. ^mi^i nz 
^^/'^)V7.iiRcDi}m\zMt?>i^^ ^"E> mmi so^s 

[0 0 7 5] m<D^m(Dm^\t. mmzm-t^<mm-^ 
ntzumm^t. mnmm-[\z/vixvi<Dmm^n3^ 
Wit. m^Wi\zii^iim\z'^omunmm^<Dm!^«^'& 
^ ffS'ir s ^mt. ^ mv'i 7 ^ - ^ * ^ \tmm 

[0 0 7 6] ±IB«fig(C*liT, ttftail/l^p^-^S'iL 

Tit, mi^(Dmm\zm^r^h<D. m»(Dmm\zm^t 
sfc©. mmz'^^n^<^^(Dm^(D$i'^izmir^^ 
(D, 2mmoymi^(Dm'^}t\zm-r^h(D. mw^^^mt 
vx^(Dmm\zmT^h(Dm^mi-f^ z. t-^^x^^. 

[0 0 7 7] ±lE«fiic(ri5t^T. r^W-SJ/N-^^-^'Tis ' 

^^rz\tm-m^rz\i-'^<D^m\^^rz \tmm-^ <d 

Wi^^mi^z.t.ifix^^. 01 i(3*5ViTtt. >mm 
h\^xm.w<Dmmmm-^t\.^. m \ nc^ 
■tmmzi^\^x\%. '>fs.<hhmumR^ \ 1 1 tcp 

Ul 0 7<h¥^flJ^^'J-l 1 0 2iT=bt3T, ±12^ 

mimi^^nx^^-h. 

[0 0 7 8] ^^#:^tU-ttt, iZ-f •^^>h*^Ml 

-5) A^-scDttF, mx\m.m.Q) ©^-^ciji/^r, 
1 1 e. ©/\°;i' X 4^ © infa -5 ^'-f -^r ^ > H 

n-sffltflscDffigTn t^fifl^i 1 immmm \z>m 

IB1tl*l§}i^Jx.(i'TIB« 5 T'^$n-5. 
[0 0 7 9] 
[US] 
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V, 


T, 


s. 


Fi 




T, 


s. 


F. 


V. 


T, 


s, 


F, 


V, 




s, 


F, 






• 













V. 




s, 


F, 



[0 0 8 0] S 5 <7),^5^-rs i aiJSfifti#: 1 1 

[0 0 8 1] *feSiJ;fi^;^i£-rtltf, HffS<D8it«H*ft 

[0 0 8 2] ip-fe. gstc^^nsx-^cfie-^T. ^ 
[0 0 8 3] ;t;i/;;^«roj!jofifcM-r-5;5''r-\' 

[0 0 8 4] CldT^H^f-SEl 1 1 tC*-rffifi£tc::fel/>T 

lfjPM:^roS;^roS«^fflv^T feck t^o 
[0 0 8 5] SS^rorgS^fbtcMLxaw^ 

^st^^^U-1 1 0 2lrtSti$-tiT*5tt«J;l^o ifcSiJS 

[0 0 8 6] /•?J^xtt©iDll*nM•rs»M^^if-4®^s^^lt 

tt2:-S?^it>CDi:f §^^tLT«> /N°;l.Xt»c(DlJP,fi^ 

B^'^it^ii:^z.t\z^-Dxum-t^m^mi^zti)^ 
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CO 0 8 7] /'i)i^7.^(DmmzM-r^mmifm(D 

[0 0 8 9] *fc±l2;i^^-3'Sr$iJWf 

[0 0 9 0] UJl±iJiBJLfc*BJiM»T'M^-r-5±S;S:^ 
(CVDft) -CfiKM$n^^'f-t^>Kim^fflti.5C: 

M^-r'2)^Bjtcffl^ie)n-5aaw^''f •t^:>h'»M (ep 

■fe. ¥^ftT;it<T'bJ;lii:t.i-5<«ft) ^-cDf^ 

[0 0 9 1] ^McDHis^j-epai-r-Sck^fc. n^ic* 

[0 0 9 2] y^^^>mmumzmmx'^^ifmt 
^tzmi^^mm'^mtmm^m^^^z.thx't^ 



[0 0 9 3] :$iB^mmxm^^-r^f^m\zi5\,^xm\'^^z. 
t(DX'^ ^immwmt Lxjf^. tie m^i n t-^ 

:i(D^f¥^m&-r^z.tx\ m&mmtjn o o o 

(Wm/K) ©^^^y-r -V^ > K«M^ Wtifcft-^t 

nms.&.±(D^{t^^-r^mmmmmm^n^zt^iX' 

[0 0 9 4] 

[ici 1] 

r= (C. p, L* /K. ;r» ) ^-^i \ 

CO 0 9 5] ±fB CIS^l 1] X^ibi^n^n^^x 

\t. nwk(Dm\^mii^-ty^-ffim^\zits^t^m^^ 

^'^^\zm^'t^tc^(DAv ^—^XhKi . Sensors an 
d Actuators,A21-A23(1990)425-430fC|Be$nTt^-5fh 

n^xh^o 

CO 0 9 6] ^5tmm^(D^mz^fi\-i. Z.<D C^iCi 

1 ] \tnnM'mmm\znhxiin\^E(D^fi^xm^t 

^t^^fr^-fE'ktLxnm-t^Z.tifiX^^. fip-fe, 

^m^^n'^-r^^h<Dtmmt^z.tti^x^^, 

CO 0 9 7] ±tE CISS:i 1] ■e^$ti-5P#5£SS:**^a 

iWi^ (3*3 l^T © J; -5 ;^j:tt i: S O ^ TIB^ 

4 {^^■|"„ 

[0 0 9 8] 

C^4] 
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(W/mK) 


(J/KgK) 


(Kg/m') 


'J s) 




10 0 0 


5 3 0 


3 5 10 


0. 2 




] 4 8 


7 6 7 


2 3 3 1 


1. 2 




3 6 


8 3 8 


3 9 9 0 


9. 4 




2 2 


7 5 4 


3 0 0 0 


1 0. 4 




3 4 


7 1 2 


3 18 0 


6. 8 




8 4 


4 1 9 


3 0 0 0 


1. 5 


Cc-BN) 


13 0 0 


8 3 8 


3 4 8 0 . 


0. 2 


mitT)V i CAIN) 


3 5 0 


7 5 0 


3 2 6 0 


0. 8 



[0 0 9 9] ±t2^4(:^$n^(7)tt, ^mnm^moi 

3 0 OKt'^Jl^StlttfflJcS-rJtiT, ±12 C^iCl 1] 

[0 10 0] mizmmmx'mm-t^^o\z. ^BMmmx- 
m7rst^^BM\z^n;^mmmAtbx. y^^^>m 
m^m^tcm^. mm^>^-tbxmmu<^m^m^ 

(&1 1] lCJ;oTgtti$n^R#S^r7!/^\ ±tB 
/h $ I i d i H H f ^ * T i: # ^ n -5 . 

[0 10 1] mt>. im4) iz^^n^mmm^'h^i^^ 



(Dx\ ^'^)\^7.m(DmmzMt^mmm(Dm^^mzz. 
[0 10 2] dcDditt. i>)vu-^2^m<DmmmA^ 

[0 10 3] \:A±.<DZ.t^K). ^4{-^$n-5^^^*^ 



[0 10 4] ^rzz(Dzt\t. mm± >•*)■- 

:i/7.-t >-y— V^T t) 5 c: i:T-*-2), 

[0 10 5] m^^^<DmAA^i%^rzm^. ¥ 

[0 10 6] *^BJ#f,©ft]^(cj;n«, B#^|St75^2 

[0 10 7] ^XiL^^fz^o\Z. f^£|S:r75^2 5 'J#^ 

[0 10 8] jfli^^i^iLTig#^ffli.i, y'?;i/X«(7)iP 
[0 10 9] 

[0 110] mmm\znhxw^<i^n)^7.'^(riim:^ 
'n<D^mT^(D^m) it. m^i,i^(D^mmmm\zm 
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Lx^n^mi^<Dmm\z:kt<§em^n^z.tizu^. 
:i(D/vvxvi(Dmm\zMtmmm<DismMmt}^ 
sott^tt. mmmA(D/v\^7.iK(DmmjzMt^]gmj& 

[0 111] cojiig^s^^tttt, /■^)U7.vt<Di]af^.^n 
'^mwnzm:bmm$im<Dumf)^'b(Dm\:^ (^mnm 
^mcommmt^) (Dctf-ammttt^oyx-. /tjuxi^o 
M^Mmiz^ii:^nmmA<DT^m (^cDiasa. ^pm^ 

[0 112] ^^^x:i(Dmmjt^'^<^\t^mm-r^z.t 

x\ mm H 'J y hfig^J-*^* ^£VifhaiHl^#^ :i 

[0 113] ^rc:i(Dmmjt^^^mt. mm^m\zm^ 
■t^mi^^m^-r^^^(D^tmmtizmmir^%<Dt 
mm-r?>z:ti^x'^^. m-^x. :^mmm'p\zin-fi>m 
mut, mmmm>^Mf^-r^h(Dtmm-r^z.iit^X't 

■5. 

[0 114] ^tz. /•^JVT.Viomm^fr'^^^ii^^t^ 

^mi^mmmtLx. f^&^it\zMt^i&m^it<om^^ 

oztt^xt^. tj.iiz:ix\t. mmiz^-oxmw(Dm 
mmm^mitar. ^rzmmun(Dmmj.\in'bm<t 

^imm\z^oxmft^(Dx. ±mu'^^ttimtbrz 

[0 115] c:<D«^, mm\z^t^ms.mrzitmm. 
^LxmB^isa^?>mrBWzimmim-rmm^&iibib 
ntzh<Dtttnt. mmmii5i)^nrzm^(oiMimz'^ e. 
■rmi--^(Dmm^f^m-r^z.t\ztt^, se^T, mm 
^m\zit. j-^)ix^<Dmm\zmLx. m.ii?.(Dum\zmp 

:it\zti^. 

■ [0 116] zom-^. mmizmtmj.i,^(Du^ii:i, m 
mmmmw(DumzMLx-^iz~^(DM^^^m-r^ 
iM,m^x'i]am^ni>z.t\zu^o ^nii^ati, mmun 
\zmm^n^mM-i^^^ryxi^tnt, mm^m(Ditmt 
Kmtm^txmmummmus. (tm^n^um) 

[0 117] dcDii^. ^■^ji'T.t^Qmmizn-r^mm^i! 

mmiz^tmrnmcDit^'^i^m^wmt^ctiz^ 
■ox. m^(r)^^<D^m^iz^<<&.m^'^x. «tM(D 
tmmioz.tti^x'^^, IP*., fi]gj#f«i&ff I'ioo^ 
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[0 118] /i;i'7.tt©iDjS*^ff ■5?©/0^wr-5 
CO 1 1 9] ;iCDl«fiJcCD«^, at#::fectUC/^fc«lhaiJ 

oias^{b (i*f -r 5 8it<*j ^ ^ - ^ <^^fb t Hiss 

[0 12 0] ifc0 lSJ/a2fCS^-rct5lC, ?^#:2 0 

3^'f-\'t>Faiiii z(D%mw \ \ \z^^j'^)V7.^(Dm 

fl»Ctie'5iS^#14SrCPUl 0 7(c43t^T> ia4lCS^f 

»r T i¥« L X - ^ <>: ^ ffl t i S d 1 1 J; o T . 
mW2 0 2©jaS$:ffiMLfcJgT'g5<*:2 0 2(Dj?!t«Sr^ 

[0 12 1] ^fctett«ijA'7^-^ (0iJ^«i;iE» 

<^ ©jjdm t *f -r 5 mmmA (^jcs^^tt ^ > * ««i 

bfc t)® if -5 c: t *^T-^ -So 
[0 12 2] dw^^, flE;S^1#tt^ttf|-ail/'^7^- 

[0 12 3] *fc, *a^iffl«TMS^$tl.5!8BJ{Iffll,ie. 

m\^^^zti)^^mxh^. z(D^'^tmmm'^m\'^i> 
ztx. ft:s^<±5 -^i^ ^'>i;$:t•rs•^r>■9- 
- (tSJA.tt*nftft-t>1t-) ^#.5C:t;!itT^-5. #(3. 



-) ^n^ztti^x^^, 

[0 12 4] 
[Slffi^J] 

c^M^ji] mz\zifmmmxwi^-r^%m^^iM^ 

--7h) 0-^J$r*-r. H3t:i3tiT, 1 3 

5mniO;*:^$S:*f ^^i^ay^f •\'^:> K^i^T* 
5. 1 2«x;i«:/jS"J>i^feTJ^fi!t$nAcO. iMHiff 

if^xmm^ntco. I nmm(DB^(D^mmiWxh 

1 0 <h 1 5/5^^E-n5O«STafe0, 17tt#>X'f 
>i5'ffl<Z)^7-r-tTfe5. 1 8li^-1'-\'^>H»lKl 3 

^mwi \t\t. ^(DmKt^mti^ti^-^xib^, z.z.x 

\t. m\^mjiW 1 2 (7)ffita*ii^ 1 K Q , ?tf^M 1 1 © jS 
1 0 0 QTfeS, 

[0 12 5] mz\z7ritm.mw(mm=?-\t, ^-(^^y\^ 

ULx^wt^z.t\z^^x. ^fmmitmii-^ibmw&. 
^^\zmi)m^Lti\,^m^t■r^z.tt^^x^. mwtnm 
mn(Dmmtmn'f^m^iEm\zwmt^z.tf)^xt^, 
CO 1 2 6] )ikT\zy-(^=EyYnm^^m.r^ijm^ 

CO 1 2 7] BKK^fr^OT(C7i^-ro 

a^fijt soot: 

SJSjE;'^ 0 . 2 5 T o r r 

-^■i!7U^n.tS 4KW (2. 45GHz) 

gJC;^;^ CHj OH : Hj = 1 : 4 

filcisifijw 1 0 mm 

MJP 5 Mm 

<D^m^y^\'Ey]inm(DWi&mm\t i o o o (w/ 

mK) g^T-S.S. 

[0 12 8] d^Tii, ^a^v-f i:7p^scvDte^£ffl 



[0 12 9] JWTH*5ViT> la 3 iC^fSltMffail^i^^ 
Zfayi^m^mto ^tzm2\Z'>7.v-2^±^<Dmm(Dm 

fig^&^-r. E 1 (Jig 2 n^f ->XxA^#:®«tg©:/a 

>>^iaS:^-r'b<Z)T*-S), 01&i;0 2(C:fel,iT, 1 
2, 1 0 2, 1 0 3, 1 0 4T^$n-5jttrift:«:/'J-;/ 
• v'llSSS'WsgLTti*. JSfit^^l 2 t 1 0 2ttt. 

•^ny-f ■v^>H^)^i 3, 1 0 KDmmzm^-^nrz 

e^^l^T«l^$nTl/iS, *^cj£tafrl 0 2ttJSJa#: 

CO 1 3 0] ^-i^^ymmi 3tio it\tmzm 
#csLTiB«^nTi>-5. ^rzy^'^tyi^mmi 3 
till i:^^lM-®fiKi^STJl^^fi^tl, iM-ro^te^* 

LTl^So fitix^: 1 0 3 i: 1 0 4 tit, U&^^t 

[0 13 1] 10 2T'^^nm\iBii&mm^iSf-i'v^> 
vmmi 0 i<Dmm\zm^:^nx^^^<Dit, 
y^rz\tei-mmm<Dmmti^^^<^itLrzm'^\z, 

tz^-nh^, 

[0 13 2] -:f^)yi>m^(D^tl\t, 7>7'l0 5Tii 
ili^n. A/D=3>A'-^ 1 0 6HA*^n-5o A/D 

n>A*-iS7 1 0 & x^v^ )vm^\z^m■^ntzm^\tc 

PUi 0 7»c:A:^j^tas. CPUi o 7 \z\t, D 
/A3>/N*-^'i 1 0{:ct^Txvi$';Hf^tc^M$n 
;tWJgtii^*l 1 l*^e(Dai;^j75U:0$n-5>. fJffiJSti 

^*i 1 uj, m.W(Du^^w:mt^rzib(Dh(Dx$)Ki , 
^w\zm-t^^t\zmm.-^tix\,^^. uii, mumKw 

1 1 \ -h^1im-^nti\>^i:o\zmi^l \2t\\Z(D}&. 

m^^mm-^^t\zi:Ki, mM.miWi i lA^soa 

ffiffiJStrC^l 1 1 i&Sit#:2 0 2(DU^^^mt^^ 

[0 13 3] CPU 1 0 7 (3*5liTtS. A/Dn>A'- 
^ 1 0 6*>^>(Dtb:^i:A/D3>/\*-^ 1 1 Qt-^i^O^ 

CPU;4^^,CDm:^tiLCDckO/iSa*gBl O 9(C« 
^i^^tl^, *;tCPUl 0 7[Cj;oT$W$n-5X'f -y 

5^ 1 0 8 m;oT^»i#: 1 1 \z\tm^(Dn.m^fz\t%m. 

[0 13 4] *^Sfi^JICt3l,iTtt, A;i'7.<^i©Jra»i(C^ 
tT. ^ift^l 1 l3j!)D;ie,n-g)l;Ett3 VT-abO. 
iilfitrB^tJO. 2 i^c;fe, 56^-ft^-*^^OjDfA(ij; 

■pT:5^-1'1't>KsSliOMS(i2 0K@S<^?a!f±#$ 
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[0 1 3 5] *||ifi^JIC4i3V^T«, C P U 1 0 7 (ri&DA 
TA/D3>y\*>-^' 1 1 Ot 1 0 6, $^f';^1'<>9^ 
1 0 8 $:<ix.fc,^«|l 1 4TS$ni. l^-;/yo««Iil 

T, Texas Instruments tt^T'f i/O'/D-feylJ— T'^ 
?>TS S 4 0 0 AFW^ffl^iT^i5, COT'f i'D:/D 
■ir-;/-*}— «. ^a-fe>-y— ffltfiJfflTt-SfcOTfeo 
T. #aD/A3>A'-^^X'r>75^>i^«ltl*WtT 

[0 13 6] CPUI 0 7T5!ia$nfcai:'3«, f%m-f 

SnfcLCD 1 0 9tC*^$n-i.. CdTttLCDlO 
9l'ai:^?:g^f S«'J5'^t"*i. CPU 1 0 7*^5. Otb 

ti^, m^fi)<=E'j-\z$m^'^rzr) , msf^mzmij 
■r^m^tLxh^\,\ 

[0 13 7] m2\ZmTJ:o\z, ^^-f 3'^:> K^IK 1 3 
tl 0 1®-:&©M«/Wy2 0 ll*Ii&B?tn-5git#: (fisj 

2 0 2 izmmmn^m^ttj:-ox\^^i>, 
^tzmut&tfi^i 1 1 hmt^2 0 2 tasMti^ct^ic 

[0 13 8] ffiijfififci^ 1 1 1 «A°-f ^2 0 1 rt^lStn 

rj?t# <Dtaa ^iEm\zmm-t^rzi^x$>^. s ;'c»j?affitn: 

^1 1 itt, 5^7n>^®.^W(c^igitt©iS<'^*fi|sf2 0 
[0 13 9] (ftf^;&ffi('-i)ViT) lilTJca 1 :te<trjC0 

2f'^-r->A-rAS:fflUT, /'?'f7'2 0 1 |*I<&S!tn5»it 

^2 0 2 (c:;iT«^^:«xat#:) ©s^tftSrfj-SJ-r-SJi 

-^(Dm^^-to KKT\z^^tW)mt±xcpv I 0 7 
■:>xmm^nxnt>ti^, i:xT(Dmi^<nmm\tm4im 

mti m&tiiti) x$>io> ^^mtmrnm^i^^ta 

[0140] (1) CPUl 0 7fC*3l.iT. T>7'1 0 
C:(7){t^tSCPU 1 0 7('*3l.iTffbn-5, Z(Di^ 

mtTm(D^^nz7R-^n^^mnoztt^mx$> 

[0 14 1] 

[^1] 

[0 14 2] ±K}I^»lJ:oTf#e.n-5MSo ti. 114 

o#4*i4 iXTjk^n^mmizMmt^, ±tB (d 
$nss){^(j. Bmm<D&m.^^m^thrzsb\znioi\ 
a to =0.1 ^i>tbx±tmWino, 

[0143] (2) CPU 1 0 7*^?)<7)Jg^»cj;CI, X 

f-y^i 0 8 7!)Wf L^sft^i nznLxmm^mv, 
::T(iAt,=o.2 fPtbx:Lmam^n-Oo 



4 



[0 14 4] ±fe (2) (Dmi^mm\z^oTy^'^=i> 

7>7'10 5. A/Dn>;N--:J' 1 0 65iSTCPU 1 
0 7ICA:^^n^, IP'S, f^m^l lfl^ib<DA)l7.^<D 

mmizMt^y-(-v=f:>mm 1 0 1 (^^s^^tta. :/ 

U->v[iISS(D!±i:^tbTCPU 1 0 7 tA^^tl-So 
[0 1 4 S] i©Jpf^tiJe^T7>::^i 0 5<D 

tiitii\t. m4(D4 2T'^-^n?>^oizm<t-r^o 

iZ. J)D^^©^31 (iS''f-V^>KjiMO?^ai) IC^^oT 
7>7'1 0 5(Di±{:/3 f 04 094 3T'S^^n-5cfc5fC 

-> n 7. 3 - y ©Hffi b fc ^ OJ^^^ST * , 
[0146] (3) ±13 (2) (Dl!)f^i§@lCi5tt-5tol^ 

tcse57>y 1 0 5*^^©ai;^r f ^t2A^e,t2+ Ai2«ra 
izisi^xmnr^, c:c:Tt|<tji-r-5. t,= 

tzt-r^t, 7>7'i 0 5*^e.rotti* f tcy-f Xji^an 

5*^e.Tag.^. Sfcc:::T«t2=o.4 #i:-ri.o cicitr 
frtin^iH^tt, TfBcDgciC2T5^^n-2>ff-g^||fT-r 

[0 14 7] 
[S!C2] 

[0148] (4) TIBI!c3T"^$n^S|g&CPU 1 
0 7{I*3l,iTff'5o ^(DSI^(;J;-:3T. ig4©^^gB4 
4T-^$nsgBi^C0ffi«»Cjl:*jS-r-SfflS;iS#e,n-5. ^1 

©Ms«, ^mi^i if}^<bo:)/-^)i^7.vt<Dmm\zM-t^y 
■i'\'=^>mmi 3(Df&^#tt75^^fte<j('^$n;fct)(D 

[0 14 9] 
[ic3] 

[0 15 0] (5) CPU 1 0 7(c:t5UT, ±|E (4) 

<^9iifmm\zi5i,^T%inrzms tmMimi^i 1 1*^ 

CO 1 5 1] JJ^± (1) ~ (5) {z^Ltzmmt, 4# 
[0 1 5 2] il^^±^LfcAto> At,, AtjOtiA^^^- 

(1) ~ (5) iz^-r^z)tmi^^-m^^-^\z\-i. A 

t,<DttS:50inst^± (±|®«!t#(c;:ct,iAt. fi<f-5i:»)ft 

SfcAJjtDfi^, At|W±Ofi$SrW-r^C:t 
;^^aSLt.j. Ujs. At„©iitttttStcyiJ6S^t*tT'^ 
^/i^'. ttffliJffia<7)|^±©;rca6ttt. lOOms U±t-t:s>Z 



(16) 1#ffl¥8 - 6 2 0 1 0 

[0 15 3] (CPUl;*3ViTfft)nS>lgtOI,iT) 
t^TIC*31,iTWai (5) (Dltlf^jiS(3t5l/iTCPUtri5 

[0 15 4] mmLTz (1) - (5) (omi^mm^mx 

[0 15 5] 
[^4] 

Y = L (T. S) gi^4 
[0 15 6] T©M«S'JSjgfet#l 1 l;J^^O 

^**feT43tj-«. l^^3T^$nSjtgig*S<&ffll> 
•5, 

[0157] &.Tizm 1,02 l'^-r«fiX5 ffll^^T, g 
[0 15 8] J^^TtiJl^T, S?:mmLtcmi^:^ik\zX 

z>xmmLrzmij m4<Dmm4 4X7]itmm\zM(tst 
•r-5, 

[0 15 9] *-r, SSt«0©t*iffitc:t5liT, Siliaffitix'fl: 
1 1 l*>^<Dtb*T„i<hstoM^S5|^je)5. c:©M# 

(oi]m\zMT^y^-Y=Ey}immi siDft^i^t^itt. m 

hOtl^^^. Z(DTt,tSt<Dmmt. TIE c^sc 

[0 16 0] 
[»5] 

S. =A (T,,) gjr^5 

[0 16 1] ^LT. 0iE«C7)li-»lt*5liT (ifciCn ~ 

S^. ±m CS:^5] T-*«6;tMSi:A (T, ) ^ffli^x 
Tta<7) [ic^6] (I^K-TJ; 5 irm^k (normalize) 1" 

[0 16 2] 

S..,„= (S, /A (T, ) ) 

[0 16 3] ±13 Cic^6] tfel^T, Ti TS^ry^^ 

fz s „„„(i . 9Ymm ^ ^-r t © x-^ -s . 

[0 16 4] ±13 Cgc^6] T*J6e>nfcS 
ns) Fi(Z)Mf*$'iiS;Jj:M^B (S„„J ^fflt^T, 



(17) 



#H¥8 - 6 2 0 1 0 



[0 16 5] 
[ic7] 

F = B (S.„J fj^j 
[0 16 6] ±E CicS7] T'^$n-5H|gcB 

[0 16 7] BI6(C^-r©«. M^MicB (S„oJ ^ 

^-^ETTovv^-^n^^j^mtmmz^-rmm vjyhji 

[0 16 8] 

B (S..,J -P 
E= XIOO(?(J) S!c^8 

[0 16 9] E6»cfi. «^(Dfag*^•7'r:^;^2 or, 
v-frhxiot:, o-c, lot:, 40'C. 5 st:, 70 

(U H;i//^) -1 8 0 0 (U «;/ h;u/^) OfigaK 
HlciSoT, ±1.5 %e>li^©iiMT-asa«^fTi'^-:3::? 

X 7 p - ^ - ^ { c: J: -3 T ff ai| $ n s (7) « » « git a T * 

[0 17 0] mm<D^o\Z. **iS^J{3*3(,iT^^#:i 



1 ICiDx.e.n^mE«3 VT*)I9, */t-?-0«JE75^^fa 

fri 1 csaA^ns^rB^fc4#rBi©iifjf^-y-'f i7ji/ctio. 
^Ttt. maiHii^i 1 4TtH»^n5tss«*/{)^#ffi-r 

S©T'fe^*^ afc«:^S:t^^-r5^,^^*l ICDKM 

[0 1 7 1] ^iSfcSfcoT, ^ CScSC?] 

T^^n^HiSA (Ti) (S„„„) tt, m\ZWM 

^nfc^^fls:^^ u- (Bs-fr-f) iciats^-sntfj: 

[0172] CJISI«»J 2 ) *||Jg«3J«. 0 1 2 \Z 

T^rmiSLtimm \^rzmm<D^m-:f5m\z^\>^x. m^mk 

Wl 1 l*^?.©tH;t;T<h7>yi 0 5*^e,<Dffi:^* C P 
Ul 0 7(ii5t,iT@4li*-r:^fefcJ:oT«!iaLfcfcb:^ 
s (c:©iii;'3S«. ^'r-\'t>K»Mi 3c^/i;ux4^w 

iD^n^f-r^fS^^ttt^SBiiLTi/i^) t('mit*f 

[0 17 3] *IIJS0iJl;*3l,iTti, (T, S) (Dmz% 

^©^fjSx-^' (*fj«;«) i&^qBij- mi, m 
$TE^ 1 

[0 17 4] 

imi] 













s , 


Y,, 




Y,, 




Y,. 


s. 


Y,, 


Y«t 


Y., 




Y,. 


s. 


Y,, 


Y» 






Y.. 


s. 


Y4. 


Y„ 


Y4, 




Y4. 


s, 


Ym 


Ys. 


Y aa 




Ye. 














s. 


Y., 











[0 17 5] ^^O-fpiZlt, ^se)A)^J?)T:tel,>fc±E« 

ffl) (Dmmm^n^, ^^mmizai^^xit. rts 



#tt^nfcCPuicfct,iTfTt)n^, ±.B^nt. TE 
$5. 
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[0 17 6] 

[0 17 7] ±tmi\zii\,^xmm^ti^mA^^-^' 
[0 17 8] :^mmmmiiim^Lfzm^. ummm 

[0179] mmm a ] ^mmm\-i, m i Rzsm 2 \z 



1 1 0 

IT.. 



T.4 



^»S'Jf-^tt^><t'J-l'Tie«2i:^-rJ;5 
[0 1 8 0] ^2iZ^-^n^^otJ.M^^y=-^\t, T# 

[0 18 1] 
[«2] 



S , 



S4 



[0 18 2] :iZ.X\ T tMi$(DU&\Z^lt^-r^/-^y 
^-:$'X$> <0 . Tiitmmmmo:>UmzMJt^t^/'^y :A 

~^x'$>^, ^fzsim4iz^.t:bm^m\'^xmm-^ti 

t^T, T,i. T2j, S.^^mSl^L^tbX, (T,j, 
T2j« Sk) Tft*S-^S-git«ttY„ Icm^-B-S'iJ^ 

[0 18 3] *IIJg«SjO:»^(J. 
[0 18 4] 

Y = L(T,.T,.S) gt^9 

[0 18 5] :^^mm(D^vrimmt. tmmm<Dmm 
[0 18 6] {mtm4} ifnmm\t. mm^zfm2 

[0 18 7] **M^J©*?|fi)J«, <^JA«$il^vX7^A© 



i^7.j-K\zmm-t^z.iimx^^o 
[0 18 8] ^%mm<Dm^^m^r^\z\t. 
xsm2\z7rs-tmmz. ss*^<^)ss*ifjBiif-5-t>-y— ^ 

iiSDb. ^C0tti*H;5^CPUl 0 7tA*$tl-5j;5l' 
1 1 l*^Som:»jT<!:04J3^-r:i&feT^Jti$n^ct±S;'J 

[0 18 9] i^nmm\t. Tie© cicsi o] (-^tm 

YS'5Rj?>S*)©TafeS, 
[0 19 0] 
mi 0] 

Y = L (T, S, H) nji^i 0 

[0 19 1] ddT, [©[^1 0] (C*t^^MicL 

&i\z7r^-t^otinmmmzm':3<h(Dxh^^\ u 

[0 19 2] 
[^3] 



(19) 
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T, 


S , 


I-I. 


Y. 


TPs 


s . 




Y, 


T, 


s , 




Y. 




s« 


M4 


Y4 
















Y. 



[0 19 3] mmms: :^^mAio^M.\z^tnt. 

.fitC^ LT»li*^if4{Ctt«& ^n-5fia^-^^t CD i:■r 
[0 19 4] :i<D:it\mT(D^3\z^?i^:it\z^^ 

<h*iT^-5. ::<^tt^T-> y^^'=E>mm\zmi^<DU 

[0 19 5] mw(Dum^mn:Ltcm-^. ^i^(Dn!kmi 
nrc^-(^^>mmt)^iimmzm ifxn < rn^mr^^ s 

/i^± 5 0"CSa^©teHT-^^tLfc«^«, ^-cDl^HOfi 

ias^{b (^ts^ittt) \z-^xi>mm\m/'^-±> hms. 

[0 19 6] gp^, ^'r-\'^>FS^IltCtt$&^tlSI»i* 

uvix-^(DmmzmLTmm^n^mm) ^^i^os. 
siiz^ib-r-'Mtj.h(DtLftm-t. z<Dmm(Dmt^\z^ 

[0 19 7] -^\zB^^m^rz^mMi. mi$i(Du^ 

{S, ix:(DumMit\zMLxiooQppm(Dimmi\: 

i^-t&^mm^^mwtLxm^^tz^'^izit. 1 0 0 
x:(DMmmitxi o%(Dt&Wi^it'^^.-r^t\ztj.^, 

m:^^±C^:it\Zt£^, 
[0 19 8] ^-ilT. *IIMi0iJ(w^1-«lfi!cl3:tel>T{S, 



^mi^tLxumz^^>ts.mm<D^itt)mtiA^-^<^^^(D 

[0 19 9] mf(Dmm\m3iZ7nth<Dt%m^^m 

2\z7fi-rh(Dtwii^x'$>^o ^rz^(Dmi^:^mhmmm 
ixmvrch(Dtm^xsb^o ^rz:^mmm<Dm(Dmm 
m\ziin^^m^^^mmm\z7f:-tJ^ot£n>7.i'>^ 

>t-t^:it\t^mx'$>^. 
[0 2 0 0] %mi^tLx:=i>xi$'>^>^m^^fcm'^ 
x$,-oxh. 01011 ixTn^n^^otmmmWim 

tmm\z^mx$>?>. mf^(Dumf)^^ift^t. mti^ 

CO tf-SfJfil d n 6 ^ ^ - 5^ O^^k 

m\z^^^^^^. '1^-^x. ^niim^<Dm&jm\i.(D^ 

tt. mi^o^umzm-t^mmizm-isi^^x. ^tcDfem^m. 

[0 2 0 1 ] :^nmmx\i. :^^)\^^7.^^mmLtzy 
^'7=^yYmwk±.\zziy7.^>'^>^mm^^m^^xm 

^Wfm-^. mmt. ii\tcut^mAt\^x'no. 
[0 2 0 2] i^%mm\z7rstm^^mmhtzm'^. 
w-hm^t^^M {^mMmmA\z'^^^t^m-M) 

m\zmibti.^^h(D\Zti.:b, UoX. CPU-^7>yO!|* 

^<Du&^wmmm\z^nx<^zt\zti^. 

T- . fhfjlfi CO agft ?^ tt ^ e fgJS $ ■& S ;t J6 (c > 



(20) 



!|$M¥8-6 2 0 1 0 



[0 2 0 3] :^nmmX'\t:2yx^>3'>^9tmi^tL 

[0 2 0 4] tmmm e ] :^mmm\t. m i is^nm i 
\<n>\\ioy)\z. 7.^v'f-\Q%\zii'>xwn^ti^v- 

[0 2 0 5] :i:iT-l/— tf-^iigae 0 0<hLT, s 
^^ftJiJ; o T-?-(Z)tb ^;3!l^g;^liE^I: L^i CD ^ffl -5 

xs::t!6^T$So i^-- y-*-^jgS«6 0 0 tLTtt« 

S:ffll.m«J:li, ii^'fi'^:>K»IKl atUTCVDfe 
J; o TiPI^-r ^ c: t ^ . 

[0 2 0 6] SfeSSfisjl IC^bfcOtlSI^T' 

©B^rajcfeiiTu— if-%iBg«6 0 o*^e.w— y-*-* 

[0 2 0 7] [^JS^iJ 7 ] *||Jlt»J«. aSfh^iJ-fe >-t}- 

mm.\z^wvt£\,^ (^rz\i^(D^w\t^±t<{&m-^ii: 
tz) mmB^m^'nomi^izmt^o 

[0 2 0 8] **JSWI'*3UT«, 0 3(C^-r<fc5/^C-t 

>^-m'f-^mis.x2-om^^^, ■?-bT^n^n©-t:> 
m^izm.^':2^^nrz-t>^-(D^mmzm^-r^mj£i 

[0 2 0 9] 0 8 (C*SI^60>J©^^i£©«[l§^^•r. ^8 

\ziih^x. y'^)vi>i\z\t. iS^-f 1't>H»M8 0 9± 
fcfl^^$nfcfgfl*#:8 1 1 iWSffiifE^cS 1 O^^t^ 

> \'mm(D~i5(n)mmw\zi&t^mjSi^^Lx\'^^. 
z.(D-^y-^-(Dm^\tm3\z^-thffiiinmxh^, ep 

^'f-\'^:>Fiiii8 0 9o-:5(Dffi±ictt, 
MTt^ifie^?n^fif^^»^8 1 1 <!:isii;<a^»)^T-«i^$ 

tl5Mffiir[#;8 1 0?5^'}l^fi)c$nTliS. 
[0210] ffiK 8 0 7 i 8 0 8 ^^mmt\znt:h 



vl S:«ifi£fS-t3(D}iSLflJ8 0 6«. 8 0 9<h|i|;^;i 

^'f-\'t>H^ii8 0 5±(rj^Bg$nfce^^iiTi^fie 
^nri/i^. ::oe^»Mtri^)$snsfiji^8 0 6© 
ssttttt. sffiffitn;#: 8 1 Q tnu^xh^z-ttrnt. 

[0 2 11] y'f-\'^>H»ll8 0 5(rttfe5— 0<Djg 

[0 2 12] 0 4«, ?aK^^t:fc^r-5ffitiffi 

CD^^t:diS:^j/jN$U^fex^8 0 1~8 0 ZtXf^)vV 

ti*i^ns, ■^LTT>7'8 1 2©m:^«^l^#:8 1 1 

7>:^8 1 3T^i1i^?nfc^i^«A/D3>A♦- 
^'8 1 4-exv^';pm^f'^ie$n. $efrCPU8 1 

[0213] CPU815H. A/Dn>A*-^8 1 4 

(Dumztmi^tzmjimtfi^o ^Lxm^^mi^^ i 

9 tiia/iffitaS 1 8 t 8 2 0 T-«^$nfclElgS*^b 

/D=i>A*-^8 1 7{'J;l9xi^^';P{i^(C^g|$tl. 
^5tCCPU8 1 S\ZXt!-^n^, CPU8 1 5Ttt, 

:/U7vi*^^©m;'3t»ffiJgin:#8 i ^t^^omiit 
^m^<DW:m3m\z%-DX?^n9mL, ^^-r^*>H» 

1^8 0 9H^LT«tnTi/i-5fiitft©«*$gffi-r5. ^ 
LT. CPU 8 1 5T-^fcB^n^c««ffl (SfcttSftMii 
tmuy^tt) tt, LCDS 1 6f'S^$n-5o *feC 
P U 8 1 5 a. y U -y V 1 RD^:/ U v 2 (CttS&-r 5 S 

[0 2 14] l§I8(r5^-r->::^T-A$l!if^^-B-SJg-&t,S 

^m\zmAX5rsLrzmv\Fi5mtmmxh^o u^Ticisi^ 

[0215] (^l©ft{f) to tto +A t„ <i:©F^ 
(I*l.^T> TIE cic^n -eS$n-5j1I^^CPU8 1 
5 t:foliTff ^1. 

[0 2 16] 

[|!C1] 

[0 2 17] Z.(DW,\(Dm^^m'7t^Z.t\Z^y). W) 

[0 2 18] m2(Dmm t, tt, + At| ^wpbI 
{'ijuT. V2 \zm^(DmE.^m?L^. z^m. i&^w 

8 0 4©JgtiittlCtiEoTyU •yv2©til;'j(S^^<b-r'5. 
:i®JgJfi^^8 0 4©JgfiiM«, Bft#:©faittCte#-r-5„ 
■f-LT, ::©fg;in:fit8 0 4©ffitn;fi©^{bl3ti£-3TyiJ 
-y v2©aj;'3tiE^<kL, -?-©tti^7(i7>:/8 1 2Xmm 



(21) 4*P¥8-6 2 0 1 0 



iti^mws 1 1 ^mmt?>. '^^T, ^mM8 1 1 i 

CO 2 1 9] Z<D%^.Wi8 1 l<0/VV:^^(Dmm\Z^o 

T. y-(^"e>]^mm8 0 9\t. 04<Df (t) \z7^t 

iioti^M^it^m-^. fiP*., t, ttf +At, t<D 

mizis^^x^mzmm^n. t<Dm^M\zi^m-^n^ ;i 
t\zfi^, 04© f (t) X'^^n?i^y-(^^>\im 
mcoummm. y-(^=E>\^mm(D/vv7.^(Dim\z 

A 1 1 tt. 5 0 m s ~ 1 s mm<Dm-vm^ttnt^ ^\ 
[0 2 2 0} m3<Dmm titti+M^tom 

(CtJl^T, A/D=l>A*-iS'8 1 4('J;c)Tx>':J';i'^ 

^. :i<Dmwit, TIB c^^2] t'^^n-ssi^^cp 
t , < t2 t-r^. 

[0 2 2 1] 

[0 2 2 2] (f^4<Dmm ±fB (miomm T"^§^ 
us 1 5 n*5i^Ts^s-r^» flr^^wf'tt, TIB 

[0 2 2 3] 
[^3] 

[0 2 2 4] (m5(DWim ±mf^4<Dmf^(D^mhA 
/Dn>;\*-iJ' 8 1 7*^5<D{lj;'ji:('So'l/iT. CPU 

> \^mm8 0 9 \zt&t^mi^(Dmm^nmt^. 

[0 2 2 5] ±fB^ 5 ©|(){^TfTt)nsm^®SI^«, 

M^OR^I^W^J:?^*^. |lig0iJ2(7)«^<!:S;^t-l);i<t«l.i 

[0 2 2 6] ^fc. a±iJiBJL;t^l©l!)ft~^5 0»j 
f^ti. CPUS 1 5;6^?>©}g^(rJ;-pT, ^fe^fcbn 

3] izyjit^oU'Si^wt-r^^^ii. m^bui^^mi^ 

[0 2 2 7] m.i$-<Dumf)m^iz^<ti^x\^^ 

*^8 0 4(7)Jgir[tt, mH^(Df^&\Z'^^Tti<U?>o "T^ 
W,tl\t. 7>7'8 1 2TI|ffiiS*i$n, ^^#:8 1 1 iZ 

tt-^s^n-So gp-s;i(7)fgfsftfl:8 1 nzm^^n^nz 

i^<Df§,m(D±^j^\z%mLrzmR^m^.W8 1 in^ti^ 

[0 2 2 8] -yj. mmw8 1 1 <Dimmm<DfMim<D 
±#t3onT±#-r§. fAe-5T« 7>'/8 1 2oy<> 



tt, :*--A©SilJ (P = V2 /R) T^$ni)%fifls:® 
[0 2 2 9] ^;^i:tT. y^^=E>mm8 0 9\Z 

m.ii^(Dumm<t\z±^<^m-^nts.\,^mmi}mfi^-^ 
n^:it\zi3i^. -eLT, ^mM8 1 i*^e)©>'i;i/x^^ 
<Dj!!P^{c^-r-s.y-ri'^>Hijii8 o go^s^^a m 

4©f (t) T-^$ns<fc-5?&:) t)Sfcg|^^s©iagJc;^ 
[0 2 3 0] 0 8(C^i^-rffifi!tt*5liT«, i&.m.^8 0 4 

[0 2 3 1] :mmm s ) ^iiiscsj^. m s (c5^-r«fig 
mm^^t^mt^tL. mi$i(DWim\z'st-orcm&x%m 

i^8 1 1 &K»-r'2.J;'5tL;t^<!:<&<#iitt-r5. 
[0 2 3 2] 7>7'8 1 2©y-1'>©Rr^tt, SK^roS 

'PummtizMr?>mm(Dn^^ (^^^m^t^ 

[0 2 3 3] mt>, M-^0*frlCt5liT, gg^J^WS 

^is^z^/^rc\mmm^<Dum\zMLx. 04. 05 
I', 7>7'8 1 2©y'r >^wr^s#-5ijjs*ij&s. 
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